Objective: The present study was undertaken to evaluate pattern, commonly implicated drugs, causality and severity of adverse drug reactions (ADRs) reported with antimicrobial drugs. 
INTRODUCTION
An Adverse Drug Reaction (ADR) is defined as "any response to a drug which is noxious and unintended and which occurs at doses normally used in man for prophylaxis, diagnosis or therapy of disease or for modification of physiological function. "
1 ADRs appear to be common occurrence especially in hospitalized patients. A recent systematic review by Patel et al shows that median incidence of ADR that led to hospitalization and ADRs that developed during hospitalization was 2.85% and 6.34% respectively. 2 The burden of ADRs is high and accounts for considerable morbidity, mortality and extra cost. 3 Pharmacovigilance Programme of India (PvPI) initiated in July 2010; plays vital role in improving safety of medicines in Indian population. Under PvPI, various regional ADR monitoring centers (AMCs) have been established at various medical institutions throughout the country. 4 Number of drug utilization studies show that antimicrobials constitute one of the commonly used groups of drugs. 5, 6 Various studies examining pattern of adverse drug reactions in hospitalized patients indicate that antimicrobials account for substantial proportion of adverse drug reactions. 7, 8 Utilization of antimicrobials is expected to vary from region to region according to services provided and availability of antimicrobials. 9, 10 Further the treatment guidelines for chronic infections like tuberculosis and human immunodeficiency virus (HIV) warrant the use of multiple antimicrobials together. 11, 12 This along with poly pharmacy to treat associated co-morbidities, the varying immune status of the patient, the nature of the disease itself and the limitations imposed by the availability of services and resources makes it particularly challenging to assess the causality and attribute an adverse event to these particular group of drugs. All the above factors may influence the ADR pattern for antimicrobials in a region. It thus becomes imperative to study the pattern and severity of ADRs and find the most common agents causing them in a given region. Data obtained from such observational studies is expected to help healthcare professionals to use antimicrobials safely in future. Thus the present study was undertaken with the aim of evaluating pattern, commonly implicated drugs, causality and severity of ADRs reported with use of antimicrobial drugs.
MATERIALS AND METHODS
This study analyzed all antimicrobial drug related individual case safety reports (ICSRs) reported at AMC, Government Medical College, Miraj, during the period of July 2015 to June 2016. The ICSRs came through spontaneous reporting as well as active surveillance by Pharmacovigilance Associate (PvA), who regularly visited the wards and OPDs of the hospitals affiliated to the medical college. The ICSRs were analyzed by pharmacovigilance team comprising of pharmacologists, clinician and PvA. The ICSRs were categorized according to Common Terminology Criteria for Adverse Events(CTCAE version 4.0) 13 and Causality assessment of ADRs was done by using World Health Organization-Uppsala Monitoring Centre (WHO-UMC) causality assessment scale as certain, probable, possible, unlikely, unclassified and unassessable /unclassifiable. 14 Table 2 ], it was seen that majority (41.05%) of ICSRs were related to skin and subcutaneous disorders followed by general disorders and administration site conditions (26.49%).These ICSRs along with ICSRs related to blood and lymphatic system disorder (10.59%), psychiatric disorders (7.28%) and ear and labyrinth disorders (3.31%) together constituted 88.72% of 151 ICSRs and were the top five groups of organ systems involved. Causality assessment of ICSRs [Table 3 ] showed that, only 25.82% ICSRs could be assessed as certain and 17.88 % could be assessed as probable. Most (50.99%) ICSRs were assessed as possible. Majority (37/73) of the ICSRs to antibacterial drugs could be assessed as certain, whereas majority of ICSRs to Antitubercular drugs (17/23) and Antiretroviral drugs (40/52) were assessed as possible. Also out of the eight (5.29%) ICSRs assessed as unassessible majority were antiretroviral (5/8). These eight ICSRs were not included in further analysis. No ICSRs could be classified as unlikely and conditional/unclassified. Table 4 shows that maculopapular rash was the most common (32/143, 22.37%) ADR encountered with antimicrobial use, the main culprits being antiretroviral drugs (24/143,16.78%).The second most common ADRs were chills with rigors/fever caused mostly by antibacterial drugs (27/143,18.88%) and particularly by ceftriaxone (n=14) and a fixed dose combination (FDC) of amoxicillin+ potassium clavulanate (n=10). More than fifty percent cases of pruritis were observed with ciprofloxacin (n=7). Most ADRs to antibacterial drugs were hypersensitivity reactions (pruritis, urticaria, allergic reactions, anaphylaxis, bronchospasm, injection site reactions) [ Table 4 ]. There were ten cases of psychosis associated with cycloserine (n=5) and efavirenz (n=5) (results not shown). The suspected drug was withheld in all cases. The causality assessment was possible or probable in nine cases while it was unassessible in one case where psychosis appeared to be related to hyperglycemic episode. Anemia was observed as the second most common ADR to antiretroviral drugs [ Table 4 ]. All twelve cases were related to zidovudine [ Table 5 ]. Severe anemia (hemoglobin< 8gm %) was observed in seven patients. There was wide variation in latent period with six cases being observed before one year, two after one year and few after two or three years (not shown in Table) . Other ADRs such as deafness (associated with kanamycin), hypersensitivity reactions, injection site reactions, gastritis (associated with para-amino salicylic acid), gynecomastia (associated with ethionamide), hepatitis due to first line antitubercular drugs, and toxic epidermal necrolysis with ciprofloxacin/metronidazole were also observed in this study (not shown in Table 4 ). Three fourth (109/143) of ADRs were caused by the top ten antimicrobials as depicted in Table 5 . Out of these, 81.65% (89/109) were caused by five drugs [ Table 5 ]. FDC of tenofovir DF+lamivudine+efavirenz was Table 6 ]. Out of these 54.54% of ADRs required the treatment to be discontinued/withheld/changed and/or required treatment for the ADR but did not extend the hospital stay of patients (moderate level 3 severity). Whereas hospital stay was extended in 17.48% cases (moderate level 4 severity) .One fourth of the ADRs were assessed to be mild (level 2) severity and didn't require any treatment other than discontinuation/changing/withholding the suspected drug. One fatal case of hepatitis (Severity level 7) was associated with FDC of isoniazid+ pyrazinamide+ rifampicin.
DISCUSSION
Antimicrobials are an important cause of ADRs in hospitalized patients. 16 The present study analyzed 151 ADRs to antimicrobials received by AMC during one year period. The demographic data indicated that female gender and the age-group of 21-40 years were most commonly affected. Our results are supported by previous studies. 17, 18 The percentage Total  32  28  12  13  9  5  5  4  4  3  2  2  2  2  2  2  2  14  143 MP rash-Maculopapular rash. *Only ICSRs with causality assessment possible and above were included. of ADRs in elderly observed in the present study is 6.62%. This is less as compared to previous studies which involved intensive monitoring. 19 Categorization according to CTCAE showed skin to be most commonly affected organ system with maculopapular rash being observed in 22.37% of patients followed by pruritis and urticaria. Our findings are supported by various studies. 17, 18, 20 A systematic review of cutaneous ADRs in Indian population involving 18 prospective studies showed antimicrobials as common causes of ADRs especially maculopapular rash. 21 Maculopapular rash was most commonly associated with antiretroviral drugs. Most of these drugs were given as FDC. As any drug in FDC has potential to cause rashes plus HIV infection itself could cause rash, the causality assessment was possible as per WHO-UMC scale. These findings are supported by previous studies which indicate that antiretroviral drugs commonly lead to drug eruptions. 22, 23 In the present study ceftriaxone was most common antibacterial associated with adverse reactions {21/151(14.68%)}, especially hypersensitivity reactions such as rigors, bronchospasm, urticaria etc. The reason could be that it is the most commonly used antibacterial in our setting. In most cases, rigors appeared within few minutes of intramuscular or intravenous injection of these antimicrobials allowing causality to be assessed as certain. The prescribing information of ceftriaxone clearly mentions chills as a symptom of hypersensitivity. 24 Iranian Pharmacovigilance Centre (IPC), in a ten-year review, reported that ceftriaxone was most frequently implicated drug in adverse events reported to IPC and was associated with cutaneous reactions, plus serious adverse events such as anaphylactic and anaphylactoid reactions, deaths etc. 25 Rigors were also reported in 1.56% cases. 25 The common occurrence of rigors with ceftriaxone in the present study could be related to rapid intravenous injection because rather than random reactions these were observed in clusters. Rapid intravenous injection is one of the important risk factors for adverse events with ceftriaxone so much so that it is recommended that the dose should be given slowly over a period of at least thirty minutes. 25 The AMC personnel discussed the matter with the concerned health care professionals which led to decrease in such reactions afterwards. The causality assessment was particularly challenging for zidovudine related anemia, since it was difficult to rule out other causes of anemia with the available data. As a result, out of sixteen ICSRs, we could assess causality only as 'possible' in twelve cases and four cases were 'unassessible. In a previous study, most cases of anemia associated with zidovudine were detected within 4-6 weeks 26 or up to six months and almost all were detected up to twelve months 27 As opposed to this the present study showed anemia after one year in six cases. The reason could be that although routine monitoring of hemoglobin level is advised to the patients, many patients do not get it done regularly (this was evident from patients records) as a result anemia is detected very late. In all cases zidovudine was stopped and patients with severe anemia received blood transfusion. Second-line anti-TB drugs cause substantial ADRs and often require change/cessation of treatment. 28 There were four cases (2.79%) of psychosis associated with cycloserine and five cases (3.49%) of deafness associated with kanamycin in present study. The drugs were withheld in all cases and treatment changed. The severity analysis by modified Hartwig-Siegel scale showed that most of the reactions were mild (25.16%) to moderate (73.41%). Hospital stay was extended in 17.48% cases (moderate level 4 severity) while 1.39% was serious as they required intensive medical care or were fatal (0.69%). Similar results have been obtained by previous studies. 18, 29 There are some limitations of the present study. Firstly in any voluntary reporting system, there is possibility of under-reporting. Secondly, most of the ADRs in the study came from teaching hospital where AMC is functioning. So the drugs commonly associated with ADRs and pattern of ADRs primarily reflects drug use in our setting.
CONCLUSION
Antimicrobials were commonly associated with dermatological reactions followed by rigors after parenteral administration and anemia. Most of the adverse reactions were attributed to ceftriaxone, amoxicillin-clavulanic acid, ciprofloxacin, antiretroviral drugs and drugs used for multidrug resistant tuberculosis. Most of the reactions were of mild to moderate severity.
ACKNOWLEDGEMENT
We are grateful to National Coordinating Centre, Pharmacovigilance Programme of India, (NCC, PvPI) Ghaziabad, Ministry of Health and Family Welfare for providing necessary technical support through regional Adverse Drug Reaction Monitoring Centre (AMC) functioning at our Institute.
CONFLICT OF INTEREST
The authors declare no conflict of interest. 
